MATERIAL AND METHODS
In order to assess variation in qualitative and quantitative characters among Myotis levis senso lato populations, 52 adult specimens (with closed epiphyses) were examined (Appendix 1). All specimens were preserved in 70% alcohol and their skulls were removed and cleaned. All measurements were made by the same person (JMDM). These specimens have been previously assigned to Myotis levis based on the following set of traits, listed as diagnostic by LAVAL (1973) , BARQUEZ et al. (1999) , LÓPEZ-GONZÁLEZ et al. (2001) , WILSON (2008), and MIRANDA et al. (2011) : 1) sagittal crest usually absent, but if present, poorly developed; 2) fringe of hairs on the border of the uropatagium; 3) uropatagium with pale border; and 4) dorsal hairs bicolored. The following diagnostic traits were considered in the sub-specific differentiation: 1) forearm longer than 38 mm in M. levis levis and shorter than 38 mm in M. levis ZOOLOGIA 30 (5): 513-518, October, 2013 dinellii; 2) greatest length of skull longer than 14.4 mm in M. levis levis and smaller than 14.25 mm in M. levis dinellii; 3) dorsal hair slightly bicolored, with dark brown bases and light brown tips in M. levis levis and dorsal hair bicolored and strongly contrasting in M. levis dinellii, with dark brown bases and yellow tips; and 4) ventral hairs with dark brown at the base and white tips with frosted appearance in M. levis levis and dark brown at the base with light brown tips in M. levis dinellii (BARQUEZ et al. 1999 , WILSON 2008 , MIRANDA et al. 2011 .
Twenty-two specimens were assigned to M. levis dinellii (12 Males, 10 Females) and 32 specimens were assigned to M. levis levis (9M, 23F). For a final comparative analysis, samples of four additional Brazilian species of Myotis were included: 4 specimens of Myotis albescens (É. Geoffroy, 1806) (3M, 1F); 37 Myotis nigricans (Schinz, 1821) (16M, 21F); 14 Myotis riparius Handley, 1960 (3M, 11F) ; and 38 Myotis ruber (É. Geoffroy, 1806) (25M, 13F). For the last analysis, characters associated with secondary sexual dimorphism were not considered (each species was considered as a unique group). All specimens are deposited in the following scientific collections and are listed in Appendix 1 (followed by their abbreviations in parentheses): the Coleção Científica de Mastozoologia do Departamento de Zoologia da Universidade Federal do Paraná (DZUP) and the Museu de Zoologia da Universidade de São Paulo (MZUSP).
Using a Mitutoyo ® digital caliper with a precision of 0.01 mm, 15 metric characters (four external and 11 craniodental metrics) were measured: total length (TL) -the longest body length, from the snout to the tip of the tail; tail length (TaL)the distance from the most posterior region of the pelvis to the tip of the tail; ear length (EL) -the distance from the lowermost portion of the ear aperture to the tip of the ear; forearm length (FA) -the longest length of the forearm, including the carpus; condylobasal length (CBL) -the distance from the most posterior region of the occipital condyle to the proximal region of the central incisors; interorbital breadth (IB) -the smallest distance between orbital constrictions; greatest skull length (GSL) -the distance between the most posterior region of the occiput to the proximal region of the central incisors; postorbital constriction (POC) -the smallest width of the post-orbital constriction; breadth of braincase (BBC) -the longest length of the cranium; maxillar toothrow length (C-M) -the length from the most posterior region of the last molar to the anterior face of the canine of the corresponding side; mastoidal breadth (MB)the longest breadth of the mastoidal processes; mandible toothrow length (c-m) -the length from the most posterior region of the last molar to the anterior face of the canine of the corresponding side (on the mandible); mandible length (ML)the distance from the anterior region of the anterior incisive to the condylar process of the corresponding side; breadth across canines (C-C) -the longest distance through the cingulum of the upper canines; and breadth across molars (M-M) -the longest distance through the vestibular edges of the upper molars. Missing values (4.6%) were estimated by the Principal Compo-nent Method (STRAUSS et al. 2003) . Measures were normalized by log-transforming the original morphometric dataset.
Secondary sexual dimorphism was evaluated for both taxa using a multivariate analysis of variance (MANOVA) with Wilks' lambda as the statistic test. The MANOVAs included all 15 morphometric traits. In instances in which MANOVAs showed significant differences between the sexes, univariate analysis of variance (ANOVA) of each of the characters was used to detect which traits differed statistically. Once dimorphism was detected in a subspecies, the subsequent analysis treated these taxa as two groups (males and females).
In order to compare morphometric traits among three groups (M. levis dinellii, M. levis levis females, and M. levis levis males), a Principal Component Analysis (PCA) was carried out. PCAs were based on the correlation matrix and were employed to assess patterns of morphometric variation. PCA was used to summarize the general trends of size and shape variation within all morphometric traits. In order to confirm that the differences between taxa were not random, we used the MANOVA test. When the MANOVA with Wilks' lambda showed significant differences among these taxa, we performed univariate analyses of variance (one-way ANOVAs) for each of the characters, to detect which traits differed statistically between subspecies.
In order to assess the magnitude of the differences between M. levis levis and M. levis dinellii compared with other Brazilian Myotis, four other Brazilian species were added to the morphometric analysis (M. albescens, M. nigricans, M. riparius, and M. ruber -see Appendix 1). A new PCA was carried out with all six groups. All the analyses were carried out using the software PAST ® version 2.14 (HAMMER 2012), and for all statistical analyses, findings were considered significant if p < 0.05.
RESULTS
Myotis levis levis -MANOVAs indicated the presence of significant dimorphism (F 15,16 = 3.345, p = 0.0109) in M. levis levis. Variable-by-variable comparisons showed that the sexes differed significantly in five variables: TL, TaL, FA, CBL, and ML (Table I ). The five variables were, on average, greater in females than in males. Therefore, in later analyses, M. levis levis was considered as being composed of two groups (males and females).
Myotis levis dinellii -MANOVAs indicated no dimorphism (F 15,6 = 3.355, p = 0.07166) in M. levis dinellii. Therefore, in subsequent analyses, M. levis dinellii was evaluated as a single group.
The PCA revealed two morphometrically separate groups (M. levis levis x M. levis dinellii), as well as a partial separation between males and females of M. levis levis (Fig. 1 ). The first two PCs accounted for 84.73% of the overall variance. PC1 was positively influenced by all variables, reflecting the overall size of the specimens. PC2 was influenced mainly by EL, IB, and POC, mostly reflecting cranial and body shapes (Table II) . PCA showed differences among the two taxa, mostly in PC1, i.e., size differences. The MANOVA tests confirmed the results of the PCA, indicating that both taxa were distinct according to their variables, and the sexes were distinct in M. levis levis (MANOVA, F 30,76 = 12.63, p < 0.0001). All of the averages of these measures were significantly greater in M. levis levis than in M. levis dinellii (Table I) . In order to compare the observed results with other Brazilian Myotis species, we carried out a new PCA using all measurements, this time including four additional species: M. albescens, M. nigricans, M. riparius, and M. ruber. The first three PCs summarized 86.26% of the overall variance. In this analysis, PC1 accounted for 72.1% of the variance in the dataset and was influenced by all variables equally, reflecting the size of the specimens. PC2 and PC3 accounted for 8.67% and 5.49% of the variance in the dataset, respectively. PC2 was influenced most markedly by EL, POC, BBC, and C-C and PC3 was influenced most by TaL, IB, POC, and C-C, reflecting both cranial shape and body proportions (Table III) . By making this comparison, we were able to characterize the considerable dissimilarity (in size) between M. levis levis and M. levis dinellii (Figs 2  and 3) , with the magnitude of these differences being equal to or greater than those observed between formally accepted species of the same evolutionary group (Neotropical Myotis clade) (SIMMONS 2005 , STADELMANN et al. 2007 ). The averages, standard deviations, sample sizes, and ranges of the measurements are provided in Table IV , to facilitate the comparison of M. levis levis and M. levis dinellii.
DISCUSSION
Recent records of M. levis levis in sympatry with M. levis dinellii in Argentina (BARQUEZ 2006 , BARQUEZ et al. 2011 ) and in southern Brazil (PASSOS et al. 2010 ) clearly indicate that both taxa are sympatric in part of their distributions. Therefore, the two taxa cannot be recognized as subspecies or geographical races of the same species (MAYR 1969 (MAYR , 1970 (MAYR , 1998 , as traditionally accepted (MILLER & ALLEN 1928 , LAVAL 1973 , BARQUEZ et al. 1999 , BIANCONI & PEDRO 2007 , WILSON 2008 , STEVENS et al. 2010 , PERACCHI et al. 2012 ).
The differences between M. levis levis and M. levis dinellii found in the present study revealed considerable divergence, 2 3 mostly in size. These differences indicate that distinct evolutionary pressures have affected their evolution. Size may be a line of least evolutionary resistance, driving the evolutionary direction (MARROIG & CHEVERUD 2005) . In fact, size tends to account for most of the interspecific variation within the genus (see the main steps in the key of identifications of species, e.g., BARQUEZ et al. 1999 , GARDNER 2008 . Variation in body size among bat species changes the echolocation frequencies and breadth of feeding niches (SIMMONS & CONWAY 2003) . The PCAs indicated that the main difference was in size (PC1), whereas the MANOVAs clearly separated both taxa. LAVAL (1973) had already pointed out the size difference between the two taxa, yet underscored the great morphological similarity between them. Our approach, based on multivariate morphometrics, indicated that M. levis levis and M. levis dinellii are distinct. This finding led us to the following more conceptual questions: 1) What is the magnitude of the differences between M. levis levis and M. levis dinellii? 2) How many of these differences reflect taxonomic differences when compared with other species of the evolutionary group of Neotropical Myotis? 3) To what taxonomic hierarchical level should these two taxa be assigned?
The last PCA of M. levis levis, M. levis dinellii, M. albescens, M. nigricans, M. riparius, and M. ruber showed that the morphometric differences between M. levis levis and M. levis dinellii were as great as or greater than those observed among the other species analyzed. Myotis levis levis was more similar in size to M. ruber than to M. levis dinellii, and the latter, in turn, was more similar in size to M. albescens and M. nigricans than to M. levis levis. Myotis levis levis was clearly distinct from M. ruber in the color of the fur. Myotis levis dinellii was clearly distinct from M. nigricans in fur color and in the presence of a fringe of hair in the border of the uropatagium, and from M. albescens in the color of the fur and a had a smaller POC (BARQUEZ et al. 1999 , WILSON 2008 , MIRANDA et al. 2011 .
Further, secondary sexual dimorphism was observed in specimens of M. levis levis, but not in M. levis dinellii. Females were larger than males in M. levis levis. These findings are similar to the sexual dimorphism observed in M. nigricans (MORATELLI et al. 2011 ) and in other vespertilionid bats (MYERS 1978) , possibly a response to selective pressures relating to gestation, maternal care, and flight.
Therefore, our combined evidence supports the existence of two distinct taxa, given that they are: 1) sympatric; 2) morphologically distinct (in fur coloration); 3) morphometrically different; and 4) morphometrically different from one another to an extent that is similar to or greater than the differences among other species in their evolutionary group. Therefore, we agree with BARQUEZ (2006 ), PASSOS et al. (2010 , BARQUEZ et al. (2011), and PAGLIA et al. (2012) and consider M. levis and M. dinellii to be separate species.
Despite new molecular data, uncertainties regarding Myotis evolutionary relationships still exist (RUEDI & MAYER 2001 , STADELMANN et al. 2007 . Increasing field efforts and also other types of analysis such as tooth morphology and molecular data, which we consider better tools than the purely morphometric analysis in the present study, will allow a more comprehensive understanding of the evolutionary relationships relating to the diversification of this cosmopolitan genus.
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